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quite young children to the frontiers of research. Indeed, this example
can lead to an enormous range of classroom activities: working out
numerical values on calculators, computers, or electronic spreadsheets;
graphing the results; spotting patterns; analyzing why they occur.

Traditionally, random-looking behavior is modeled by statistics, using
equations that incorporate explicit random terms. But there is no ran-
dom term in the Verhulst law: it is deterministic. This example shows,
surprisingly, that behavior predicted by a simple and explicit law can
be highly irregular, even random.

This paradoxical discovery is called deterministic chaos. Irregular fluc-
tuations may arise from nonrandom laws, making it possible to model
many irregular phenomena in a simple manner. It also demonstrates
that simple causes can produce complicated effects. It is one of the
most exciting areas of current mathematical research.5'11'24

The Irregular Fruit Fly

It is always possible that chaotic behavior could be just an artifact
of the model and not a phenomenon of nature. Perhaps. But natural
populations do, in fact, display irregular oscillatory behavior. Figure 4
shows experimental data on a population of fruit flies kept in a closed
container and fed a constant protein diet.15 When the population rises
too high, there is too little food and the flies are unable to breed properly.
The population then drops until there is excess food; then the flies breed
unrestrictedly and the population shoots up again.

The main overall effect is an oscillation with a period of about 38
days. However, as the time series shows, the way in which the popula-
tion changes is decidedly complex. Many of the peaks in the graph are
double, being more M-shaped than A-shaped. The height of the peak
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FIGURE 4.   Variations in an experimental population of fruit flies show irregular
oscillatory behavior that is typical of deterministic chaos.